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© A one-step process is disclosed for the production of dimethyl ether, with varying amounts of co-product 
methanol, from synthesis gas. In the process, synthesis gas with a wide range of compositions of H2, CO. CO2, 
and other species is contacted with a catalyst or mixture of catalysts suspended in an inert liquid in a three 
phase reactor system. In situations where the feed gas is relatively rich in CO and poor in H 2 , H2O may be co- 
fed to enhance productivity. The catalyst, which comprises both a methanol synthesis component and a 
dehydration (ether forming) component, can be in the form of pellets or powder, depending on the mode of 
operation for the reactor. 
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ONE-STEP PROCESS FOR DIMETHYL ETHER SYNTHESIS UTILIZING A LKJUID PHASE REACTOR SYSTEM 



TECHNICAL FIELD 



The present invention relates to a process for the production of dimethyl ether. More specifically the 
present invention relates to a process for the direct production of dimethyl ether from synthesis gas using a 
three-phase reactor system. 



BACKGROUND OF THE INVENTION 

70 — — 
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Conversion of synthesis gas to dimethyl ether requires three steps. Conventionally, synthesis gas is 
produced by reforming hydrocarbon or gasifying a carbon source such as coal or coke. Since this later 
synthesis gas usually is too rich in CO to be used directly for dimethyl ether synthesis, an intermediate step 
is is needed for conventional dimethyl ether manufacture. Consequently, the first step in the dimethyl ether 
synthesis is to adjust the composition of the synthesis gas via the water-gas shift reaction- 
CO + H 2 0 ss COz + H 2 (1) 

After the ratio of hydrogen to carbon oxides has been adjusted, the gas is reacted to produce methanol 
(MeOH): 

20 CO + 2 H 2 s= CH 3 OH (2) 

Finally, methanol is dehydrated to form dimethyl ether (DME)- 
2 (CH 3 OH) - CH3OCH3 + H 2 0 (3) 

The shift and methanol synthesis reactions are equilibrium limited and exothermic. Moreover, the catalysts 
for both reactions are subject to severe deactivation when overheated. To avoid thermodynamic limitations 
25 and excessive catalyst deactivation, conventional gas phase reactors must be run at low per-pass 
conversions to maintain reactor temperature. Consequently, overall conversion of carbon monoxide to 
dimethyl ether is limited. 

Multi-step processes, which use separate reactors for each reaction, can not exploit the potential 
synergism of the three reactions. If these three reactions could be conducted simultaneously, methanol 
synthesis would drive the forward shift reaction, and dimethyl ether synthesis would drive both the methanol 
and shift reaction. Consequently, a one-step process is more flexible and can operate under a wider range 
of conditions than a multi-step process. In addition, multi-step processes require separate reactors, heat 
exchangers, and associated equipment for each reaction. 

A single-step gas phase process would generally require less equipment than multi-step gas processes. 
However, a single-step gas-phase process would still suffer from a large reactor exotherm due to the high 
net heat of reaction. Hence, low per-pass conversions would be required to maintain reactor temperature to 
avoid a short catalyst life due to the large temperature rises associated with these reactions. Since the 
reactor is not isothermal, there are often severe equilibrium limitations on per pass reactant conversions 
Much of the prior art for dimethyl ether synthesis focuses on processes using improved catalysts to run 
-w shifted syngas (Hs-CO greater than or equal to 1). Examples include U.S. Patents 4,417.000- 4423155- 
4.520.216; 4.590,176; and 4.521,540. These processes all run in the gas phase, and may be considered 
multi-step processes in that they all require the feed be shifted via Reaction (1). 

Single-step gas-phase processes have been disclosed by Mobil Corp. and Haldor-Topsoe. For example. 
U.S. Patent 4,011,275 assigned to Mobil Corp. discloses a gas-phase process for co-production of methanol 
45 and dimethyl ether with H 2 deficient syngas feeds. Although there are not examples in the patent, the 
process is claimed to be useful for improving conversion of synthesis gas. U.S. Patent 4,341 ,069 discloses 
a gas-phase process for dimethyl ether production to be used in conjunction with an integrated gasification 
combined cycle power plant Examples in the patent show that the catalyst requires frequent regeneration, 
in some cases on a daily basis. Another gas-phase process is described in U.S. Patent 4,481.305, however, 
so this process is restricted to operation within a narrow range of CO/C0 2 ratio in the feed gas. It should be 
noted that efficient heat removal to maintain reactor temperature is generally not discussed in these patents. 
Fujimoto et al discussed In Chem. Letters, p.2051 (1984) the chemistry of the gas-phase one-step 

p roc 6SS 6S . 

Combined methanol/dimethyl ether synthesis in the liquid phase has been reported by several workers 
Sherwin and Blum, in their paper: "Liquid Phase Methanol Interim Report, May 1978". prepared for the 
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Electric Power Research Institute, attempted to modify the liquid phase methanol process for co-production 
of dimethyl ether by adding acid catalyst components to the system. The observed only traces of dimethyl 
ether, and concluded that the attempt was unsuccessful. Daroda. et al, J.C.S. Chem. Comm. p.1101 (1980), 
reported a broad slate of products for reactions of syngas with Fe in 2-methoxyethanol. However, in their 
5 system the solvent appears to act as a reactant, and the catalyst produces many side products. 
Consequently, neither earlier liquid phase process was economic. 

SUMMARY OF THE INVENTION 



The present invention is a single step process for direct production of dimethyl ether, with varying 
amounts of co-product methanol, from wide varieties of synthesis gas. Basically, the invention is an 
improvement to a process for the synthesis of dimethyl ether from a synthesis gas comprising hydrogen. 

75 carbon monoxide and carbon dioxide, wherein the synthesis gas is contacted and reacted in the presence 
of a solid catalyst. The improvement is the contacting and reacting of the synthesis gas in the presence of a 
solid catalyst system suspended in a liquid medium in a three phase (liquid phase) reactor system. The 
solid catalyst system can either be a single catalyst or a mixture of catalysts, provided the catalyst system 
comprises both a methanol synthesis component and a dehydration (ether forming) component. The reactor 

20 system can either be a single three phase reactor or a series of staged three phase reactors. Even though 
the process of the present invention can be carried out in a series of the staged three phase reactors, the 
dimethyl ether synthesis is carried out in a single step. i.e. all three reactions in the synthesis route are 
being driven simultaneously. 

The process of the present invention can be operated ineither an ebuilated bed mode with a granulated 

25 (shaped pellet) or a slurry mode with a powdered catalyst. The concentration of catalyst suspended in the 
liquid medium Is in the range from about 5 wt% to about 60 wt%. As stated earlier, the catalyst utilized in 
the process should comprise both a methanol synthesis component and a dehydration component The 
methanol synthesis component can for example comprise a typical copper methanol synthesis catalyst. The 
dehydration component can be selected from the group consisting of alumina, silica-alumina, zeolites (e.g. 

30 ZSM-5), solid acids (e.g. boric acid), solid acid ion exchange resins (e.g. perfluorinated sulfonic acid) and 
mixtures thereof. 

The preferred operating conditions of the process are a pressure range from about 200 psig to about 
2000 psig, more preferably from about 400 psig to about 1000 psig; a temperature range from about 200 C 
to about 350 " C; and a space velocity in excess of 50 standard liters of synthesis gas per kilogram of 
35 catalyst, more preferably in the range from about 1000 to about 10,000 standard liters of synthesis gas per 
kilogram of catalyst. 

The process is particularly useful for higher CO content synthesis gases, even where the concentration 
of carbon monoxide in the synthesis gas is in excess of 50 vol%. 

The process can also comprise a further step of adding water to the three phase reactor as a co-feed. 
40 The water can be added as a liquid or a vapor. The addition of water is particularly beneficial when the 
concentration of hydrogen in the synthesis gas is less than 10 voi%. 

The process of the present invention is particularly suited for use in an integrated gasification combined 
cycle power plant for the production of electrical energy, wherein the process of the present invention would 
produce a storable fuel for peak-shaving. 

45 

DETAILED DESCRIPTION OF THE INVENTION 



so The present invention is a single step process for the direct synthesis of dimethyl ether from synthesis 
gas with or without co-product methanol in the liquid phase. Selectivity for dimethyl ether and methanol can 
be optimized by varying reaction conditions and/or catalyst compositions to suit the process application. 

The process uses a single catalyst or a physical mixture of catalysts which can be in the form of 
shaped pellets or in the form of a fine powder, depending on the mode of operation. Many types of 

55 catalysts are known in the literature for each individual reaction of the process, and these can be mixed in 
various proportions in the reactor. Alternatively, a single catalyst component may be used to facilitate all 
three reactions. However, the catalyst utilized in the process should have a methanol synthesis component 
and a dehydration component. An example of a methanol synthesis catalytic component is copper. 
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SSJ^lJrSSS.* f f ° rmin9 C ° mp0nent a,umina - zeolites, solids acids 

cSS^irS^l ,0 " eXChanQe r6SinS SUCh 35 P ertI "<*nated sulfonic acids, 

hiah? 5 11 SI*"? f? ^ dilUte - "* 5 "** 0f me slurr * to concentrated, i.e. 60 wt% or 

nyarocarDon blend. Other types of liquids are known to work for liquid phase Drocesses fnr pvamni* 
oxygenated species such as alcohols, ethers, and polyethers. These ^JS'SS^??tt 
and jjjj . b o,„ng point for single component liquids or boiling range SUZ Squids £1 li?C 

= J" proc f s °1 106 P rese "< invention, synthesis gas is introduced into the reactor and contacts the 

Kd ch Te co e m r , t hesis r is typica,,y comprised of *■ co - C0 " «^S?S2i2 

concen^on" of h! cTaS co ? °" 2" 7* ^ 88 Sh ° W " in 1,16 S^ 8 - pending on feed 
the oroceL^n t^'^fS 2*' * be advanta 9 eous to «>**■ H 2 0 either as a liquid or vapor to 
h»^ a S J * JUSt 1,16 933 com P° 5ition via the shift reaction. This water addition is particulariv 

beneficial when the concentration of hydrogen in the synthesis gas is less than 10 J% In addiBoTS nw 

The removal of COa can be accomplished by any conventional means. e.g. pressure swing adsomOon o 
absorpton using a C0 2 selective solvent such as amines. The feed gas can be mJZ IntireX of frZ 
feed , „ a once-through app.lcation. or it may be composed of a mixture ot 

rann^ir " Vary Wide,y - de P 8ndIn 9 on ^ conditions and SpTlfS £ Pressure 

pressul InTZ 5J? ST^ *" '"^ PreSSUre enha ^ s S S 

standard .iters of synthesis gas per £^ZS£*°Z 2 rSge mm ^aZTSLT 
depending on the cost of downstream separation of the dimethyl ether and ™££2££ Tme m«S 
preferab.y range ,s between 1000 and 10.000 standard liters of synthesis gas SZSS^S^ 

of va^iSvTml^ m T ted in ,h9 f °" 0Win9 Seri8S 0f w "ich describe the use 

a 300 cc ^ ? J" 35 Sm9,e com P° nents - co-feed of H 2 0. All runs were made in either 

I " , ! r i Stain!eS3 81661 aUt0C,ave with feed and P^"ct gas analysis via gas chromatograph 

pjKis »a h Trciir phase reac,or - - ~ » e 

different reactors ca* be varfed. noTv^ 



EXAMPLE I 



conversions greater than the thermodynamic maximum conversion for methanol atone 
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Table 1 



Hun 


Feed 


Temp 


GHSV 


Productivity 


DME/MeOH 






Co) 


(s-1/kg-catal 


(mol/kg-catal hr) 


Selectivity 








hr) 






(mol%/mol%) 










DME 


MeOH 




1 


BaJ 


250 


1500 


2.3 


1.6 


60/40 


2 


Bal 


250 


2500 


3.2 


2.6 


55/45 


3 


BaJ 


250 


2750 


2.8 


3.0 


49.51 


4 


BaJ 


250 


5000 


3.6 


4.2 


46.54 


5 


Bal 2 


250 


2750 


4.7 


1.5 


76/24 



CO Conversion 
(mol %) 1 



10 



69 (44) 
55 (40) 
52 (39) 
36 (32) 
65 



75 



Note 1: Numbers in parentheses indicate carbon monoxide conversion observed for methanol 
synthesis in the absence of dimethyl ether synthesis. 

Note 2: Balanced gas with no inlet CO2 (57% H 2i 20% CO, 0% C0 2 . 23% N 2 ) 



EXAMPLE II 

To illustrate the use of a different catalyst mixture, and a different gas feed, a second series of 
experiments was made with 20 grams BASF S3-85 methanol catalyst and 40 grams Davison Silica/Alumina 
in degassed Witco 70 oil. Ten conditions were run with CO-rich and balanced gas at temperatures of 
250 C and -265 C. and pressure of 80 psig. Results are shown in Table 2. Balanced gas has the same 
composition as the earlier examples, and CO-rich gas is comprised of 35% H 2 , 51% CO. 13% CO2. and 
1% N 2 . Space velocities and productivities are based on the total oxide catalyst charged to the system! 

Table 2 



Run 


Feed 


Temp 
(-C) 


GHSV (s-1/kg 
catal-hr) 


Productivity (mot/kg 
catal-hr) 


DME/MeOH 
Selectivity 
(mol%/mol%) 

■ 


DME 


MeOH 


6 


Bal 


250 


1870 


2.46 


0.96 


72/28 


7 


Bal 


250 


3130 


2.57 


1.66 


61/39 


8 


Bal 


250 


1120 


1.92 


0.57 


77/23 


9 


Bal 


263 


1870 


2.57 


0.92 


74/26 


10 


BaJ 


264 


3730 


3.09 


1.45 


68/32 


11 


BaJ 


265 


1350 


2.12 


0.54 


80/20 


12 


CO-rich 


250 


1870 


1.41 


0.42 


77/23 


13 


CO-rich 


250 


1870 


1.36 


0.46 


75/25 


14 


CO-rich 


250 


3130 


1.18 


0.59 


66/34 


15 


CO-rich 


250 


1120 


1.16 


0.26 


82/18 



EXAMPLE III 

A third series of experiments illustrates operation with H 2 0 co-feed, and simultaneous shift, methanol 
and dimethyl ether reactions. A 15 wt% slurry comprised of 25 grams BASF K3-110 commercial low- 
w temperature shift catalyst 25 grams BASF S3-85. and 25 grams Catapal<5> alumina was slurried in 425 
grams degassed Witco 70 oil. The pressure was 800 psig. The feed gas was 0.8% H 2 , 57.7% CO, 15.5% 
CO2, and balance N 2 . Steam was co-fed with the gas to shift the CO and produce H 2 . Results are 
summarized in Table 3. 
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Table 3 



5 


Run 


Feed Ratio 
H 2 0/CO 


Temp 
( # C) 


GHSV 
(s-1/kg-catal 
hr) 


Productivity 
(mol/kg-catal hr) 


DMEMeOH 
Selectivity 
(mol%/mol 0/ o) 












DME 


MeOH 




70 


16 
17 


0.50 
0.33 


249 
247 


2000 
1860 


0.40 
2.64 


2.19 
2.11 


16/84 
56/44 
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20 



EXAMPLE IV 

A final series of experiments illustrates the use of a single catalyst species in the process A coooer on 

IZZ C t ySt T t PrePar6d bV diSS0,Vin9 64 '° 3 ^ <W«£ 0 in 10 1*^2FS 
solution was used to impregnate 78.14 grams Al 2 0 3 in several portions, with N 2 puroinq between 
impregnations. The catalyst was dried overnight at 110'C, and recced wth 2% H 2 i 

E?£ fri^" (eqUM,ent t0 406 9ram as oxide > W8re s, ^ d in i« grams S degi 2 
Witco 70 oil. The system was run at 800 psig, and results are shown in Table 4. 

Table 4 - ...... 
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Run 


Feed 


Temp 

Cc) 


GHSV (s-1/kg 
catal-hr) 


Productivity (mol/kg 
catal-hr) 


DME/MeOH 
Selectivity 
(mol%/mol%) 










DME 


MeOH 




18 
19 
20 


Bai 
Bai 
Bai 


249 
265 
296 


3000 
3000 
3000 


0.58 
0.82 
1.07 


0.45 
0.41 
0.28 


56/44 
67/33 
79/21 



addrl^ nSl- ?r 1 w,lh ; ts u effic,ent P' 0 ^" of dimethyl ether with a methanol co-product can 
address a hm.tet.on of the hqu.d phase methanol process, which usually arises in its application for use in 
■ntegrated gasrfication combined cycle electric power plants. In this application, the iStenZ 

SSTSSTt m !!] an0, • ' St0fable fUe '' for P-*-** However, the JiXSS^K 

be orcduS £ STShT 0 ""J*?- ^ ^ h 3 ' imit t0 *" mM of fue » ««oh!i 

sufer ?r^ h? * Q i P 389 methan0 ' Pr ° Ce$S - ^ dimethyl ether and methanol does not 

COnSeqUent,y< - imProVed «~« a neater 

orocS SJThlTr-?" S V6S *? Pr6Vi0 u S,y deSCribSd Pr0blems throuah ^ featu '« inherent in the 
facSTs cSai slcl I", / hV S ~ , * nB too *« n "'' ODeration for *. reactor. This 

Ivnlir^K !• 7 Sh,ft - methan °' Synth9siSl and dim ^y | ether reactions are all 

ex^emvc VVHh convenhonal gas-phase processes, the heat released during reaction increases tempera 
tare, which impedes reaction due to thermodynamic limitations, and causes catalyst deactivaTon Z high 
thermal capacity of the liquid phase permits high conversions while maintaining stableTempeSu^ This 

Zl l^T ra!U H" h e0n,ro ' T be reSPOnSibl9 f0r inCreased <* «- processSe to ga 

phase operations which require frequent catalyst regeneration 

reacSnsTv 0 ^? 2 ^ pr ° CeSS , is ** * exploits the synergism of the chemistry of all three 

eST^S * ? 9 T 3 S ' n9te By COmbinin9 *• reaceons in a simultaneous process, 
w fhf c k ♦ reaCt ° n | iS dnV6n thermod yna"fcally by removing its inhibiting products as reacted 
for the subsequent reaction. For example, the first series of experiments showed CO converses ^0 

c^Z^Z^ eed ^ mMVn ^ iC maximUm for methano1 alone. SuTs^ism 

SSLiLKT?« ,n m 6P Pf0CeSS ' Wher6 e3Ch reaction proceeds 81 most to its indivfdual 
thermodynamic limitation in separate reactors. 

Also, since all reactions in the process of the present invention proceed co-currently. the process 



6 



10 



IS 



20 



25 



EP 0 324 475 A1 

permits several options for varying the product distribution by manipulating the extent of each reaction For 
example, the DME/MeOH selectivity can be controlled by varying the amount or activity of catalyst 
constituents in a process using a mixture of catalysts, or by altering the intrinsic selectivity of the catalyst in 
a process using a single catalyst The product distribution can also be varied by changing reaction 
conditions such as space velocity, temperature, pressure or feed compositions 

As a summary, the distinguishing features of the present invention are the liquid phase operation and 
the concommitont occurrence of the shift, MeOH synthesis, and DME synthesis reactions. Both features are 
required for efficient operation and process flexibility. 

r^i^HT T eraS P"* 68 !! 8 ma u ke use of combinations of reactions (1) through (3). the reactions are 
conducted in the gas phase. S.nce the shift and methanol synthesis reactions are thermodynamically limited 

Srt ^ZZTTT-?* f J*™ T^° nS m exothermic, removal of heat from the reactor is a critical 
and probably the limiting factor .n their design. The significance of the thermal control provided by the 
.quid phase is best illustrated by comparing gas and liquid phase processes. For example, the adiabatic 
temperature nse for a gas-phase process providing the same conversions as the conditions of Run 1 is 
rf° C ;. ve !3 us a ,,<: > u,d P nase P rocess w «h an actual temperature rise less than to* C due to the presence 
of the liquid phase. No current commercial catalyst could survive the gas phase adiabatic temperature of 
600 C, so such a process could not be practically operated without heat removal equipment or product gas 
recycling. Both options are generally very expensive. For example, using product gas recycling to control 
tte temperature nse would require a recycle ratio in the range of 10 to 20. Such high recycle ratios require 
high capital investments for compressors and reactors, as well as high operating costs. In comparison, a 
llqu d phase unit would require little or no feed recycle, and a much smaller reactor. Hence liquid phase 
synthesis can provide economic operation at high conversions. 

* X J!! 0t ??J*. note t d **** prfor ^ nas erroneously concluded that liquid phase operation, such as the 
process of th, S invention, does not work; Sherwin and Blum failed to produce DME in systems very similar 
to this process. Hence the success of this process is both novel and surprising. The only other liquid phase 
synthes.s discussed in the prior art is non-selective and consumes an expensive solvent as a reagent see 
uaroda et a). a 

The second distinguishing feature of the invention, the co-current shift, methanol synthesis, and DME 
synthesis reactions enable the process to use feeds with wide ranges in composition. Previously disclosed 
processes can only operate within restricted ranges of H 2 /CO or CO/C0 2 ratios. This invention dem- 
onstrates operation with feeds richer in CO than any previous processes. For example. Runs 16 and 1 7 
show h gh productivity with feed CO concentrations of 58% and a H 2 /CO ratio below 0.02. Such conditions 
are well beyond those claimed or taught for the prior art processes. 

The present invention has been described with reference to several embodiments thereof. These 
embodiments should not be considered limitations on the scope of the present invention, the scope of 
which should be ascertained from the following claims. 

Claims 

1. In a process for the direct synthesis of dimethyl ether from a synthesis gas comprising hydrogen, 
carbon monox.de and carbon dioxide, wherein the synthesis gas is contacted with and reacted in the 
presence of a solid catalyst, the improvement comprising contacting and reacting the synthesis gas in the 
presence of a solid catalyst system, wherein the solid catalyst system is a single catalyst or a mixture of 
catalysts, suspended in a liquid medium in a three phase (liquid phase) reactor system, wherein the three 
phase reactor system comprises at least one three phase reactor. 

2. The process of Claim 1 wherein the suspended catalyst is in the form of a shaped pellet and the 
three phase reactor is operated in an ebullated mode. 

3. The process of Claim 1 wherein the suspended catalyst is in powdered form and the three phase 
so reactor is operated in a slurry mode. 

4. The process of Clam 1 which further comprises operating the process at a pressure in the range 
from about 200 psig to about 2000 psig. 

5. The process of Claim 1 which further comprises operating the process at a pressure in the range 
from about 400 psig to about 1 000 psig. 

ss 6. The process of Claim 1 which further comprises operating the process at a temperature in the range 
from about 200 C to about 350 C. 

* Z' U M l Pr ? ° f Claim 1 Which further com P rises operating the process at a space velocity in excess 
of 50 standard liters of synthesis gas per kilogram of catalyst 
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8. The process of Claim 1 which further comprises operating the process at a space velocity in the 
range from about 1.000 to about 10.000 standard liters of synthesis gas per kilogram of catalyst. 

9. The process of Claim 1 wherein the concentration of carbon monoxide in the synthesis gas is in 
excess of 50 vol%. 

10. The process of Claim 1 which further comprises adding water to the three phase reactor as a co- 
feed. 

11. The process of Claim 10 wherein water is added as a liquid. 

12. The process of Claim 10 wherein the concentration of hydrogen in the synthesis gas is less than 10 
vol%. 

13. The process of Claim 1 wherein the concentration of catalyst suspended in the liquid medium is in 
the range from about 5 wt% to about 60 wt%. 

14. The process of Claim 1 wherein the catalyst system comprises a methanol synthesis component 
and a dehydration (ether forming) component. 

15. The process of Claim 1 wherein the catalyst system is a single catalyst containing both a methanol 
synthesis component and a dehydration (ether forming) component. 

16. The process of Claim 14 wherein the methanol component comprises copper. 

17. The process of Claim 14 wherein the dehydration (ether forming) component is selected from the 
group consisting of alumina, silica-alumina, zeolites, solid acids, solid acid ion exchange resins and 
mixtures thereof. 

18. The process of Claim 1 which further comprises removing carbon dioxide from the synthesis gas 
prior to contacting and reacting the synthesis gas with the solid catalyst 

19. In a process for the direct synthesis of dimethyl ether and methanol co-products from a synthesis 
gas comprising hydrogen, carbon monoxide and carbon dioxide, wherein the synthesis gas is contacted 
with and reacted in the presence of a solid catalyst, the improvement comprising contacting and reacting 
the synthesis gas in the presence of a solid catalyst system, wherein the solid catalyst system is a single 
catalyst or a mixture of catalysts, suspended in a liquid medium in a three phase (liquid phase) reactor ' 
system, wherein the three phase reactor system comprises at least one three phase reactor. 

20. In a process for the generation of electricity by an integrated gasifier combined cycle power plant, 
wherein a synthesis gas is contacted with and reacted in the presence of a solid catalyst to produce a 
storable fuel for peak-shaving, the improvement for increasing the amount of storable fuel comprises 
producing a dimethyl ether co-product in addition to methanol by contacting and reacting the synthesis gas 
in the presence of a solid catalyst system, wherein the solid catalyst system is a single catalyst or a mixture 
of catalysts, suspended in a liquid medium in a three phase (liquid phase) reactor system, wherein the three 
phase reactor system comprises at least one three phase reactor. 
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